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HIS exhibit illustrates the generally accepted 

practice in the new science of subgrade soils. 
Since scientific methods were first applied to these 
studies some 10 years ago, many phases of the sub- 
ject have been explored. As was to be expected, 
some of the research has yielded negative results, 
but the bulk of the work has brought to light infor- 
mation of immense value to the highway engineer. 
It has taken time to weigh the contributions from 
the various investigations so that they might be 
assessed at their true value before being fitted into 
the general scheme of the new science. It is recog- 
nized that further research will amplify and extend 
our present knowledge. But to hasten the adoption 
of methods based upon the results already accom- 
plished, there must come a general recognition of 
the value of the studies to the road builder. It is 
the purpose of this exhibit, therefore, to illustrate 
how the discoveries of investigators, both in this 
country and abroad, have been organized into a 
systematic and scientific method. 





SUBGRADE SOIL EXHIBIT 


OF THE 
UNITED STATES BUREAU OF PUBLIC ROADS 


The accomplishments of a decade of research are illustrated in 
the subgrade soil exhibit of the Bureau of Public Roads. ‘Tests 
for determining the characteristics of the various types of soils; 
an exposition of the fundamental principles of soil physics and 
mechanics; a classification of soils into groups according to their 
relative value for subgrade purposes; methods of making a sub- 
grade survey to determine the location of the different soils and the 
drainage conditions; and the method of designing road surfaces and 
cross-sections, based upon the data supplied by the subgrade survey, 
are illustrated on the 24 panels and demonstrated by the models 
and apparatus displayed upon the tables of the exhibit. 


STUDIES OF SUBGRADE SOILS INITIATED IN 1920 


Prior to 1920 it was generally recognized that clay soils were 
unsatisfactory for highway subgrades and that confined sand pro- 
vided an excellent foundation. No information was available as to 
the relative values of various types of clays or as to soils ranging 
. between the sands and ‘the clays, although the Bureau of Public 
Roads in 1919 had begun the study of laboratory tests for deter- 
mining the essential difference between various kinds of subgrade 
sous. In 1920, in connection with the study of the California State 
Highway System, made by the Bureau of Public Roads, the soil 
tests previously developed by the bureau were employed to deter- 
mine the volumetric shrinkage of the soils under the road 
surfaces for which condition surveys were made. In making these 
soil-shrinkage studies, water was added until the various samples 
of soil mortar seemed to be of the same consistency. The idea of 
comparable amounts of water based upon the surface area of the 
soil grains in the mass had not been advanced. 

During the same year—1920—the Bureau of Public Roads 
launched a nation-wide survey to determine the causes of failure of 
isolated sections of road surfacing. This work, carried on in co- 
operation with the State highway departments, and other research 
agencies, unearthed important discoveries within a short time. 

In the Pacific Northwest, especially in the arid sections, where 
the subgrade shrank away and left the pavement without support 
in the dry season, it was believed that the change in volume of the 
subgrade soil was its most adverse characteristic. It was noted that 
the volume change was greatest for clays, less for silts, and negligi- 
ble for sand. The volume change increased with a decrease in the 
size of the soil grain. To measure this volume change so that the 
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values for various soils should bear the proper relation, it was recog- 
nized that comparable amounts of water should be added based upon 
the total surface area of the grains in the soil mass. 

To accomplish this the field moisture equivalent test was devised. 
With samples of soil wetted by this method, a lineal shrinkage test 
was made. It was found that wherever the value of the lineal shrink- 
age of the soil was less than 5 per cent, the soils were generally 
satisfactory for subgrade purposes, while soils with a value of 
more than 5 per cent were generally unsatisfactory. 

With these tests available, a method of making a subgrade sur- 
vey was developed by employing the soil maps published by the 
United States Bureau of Soils, locating the various types in rela- 
tion to the survey for a new road, testing representative samples 
of each type, and making recommendations as to the design of sur- 
faces based upon the known behavior of existing surfaces laid over 
similar soils in the vicinity. 

In addition to the field tests developed in the Pacific Northwest, 
the laboratory of the Bureau at Arlington, Va., was examining with 
painstaking care other soil tests that looked promising. The Atter- 
berg tests were found to be of particular value to the road builder. 


BRIEF DESCRIPTION OF THE ATTERBERG TESTS 


The Atterberg test process consists in the addition of water to 
the soil in conjunction with manipulation to determine two critical 
points. The liquid limit is the point where the soil passes from the 
liquid to the plastic state. With further manipulation the soil loses 
water and plasticity and begins to crumble when rolled in threads 
upon a glass plate. This point of conversion from the plastic to the 
solid state is known as the plastic hmit. The values of the two limits 
are expressed in terms of the percentage of water present as com- 
pared with the dry weight of the soil. The difference between the 
percentages for the liquid and plastic lmits is called the plasticity 
index. It is obvious that nonplastic soils, such as sands, do not pos- 
sess either a plastic limit or a plasticity index. 

According to the value of this index, Atterberg distinguishes 
between various soils as follows: 

Friable soils —Plasticity index less than 1. 

Feebly plastic soils—Index 1 to 7. 

Medium plastic soils —Index 7 to 15. 

Highly plastic soils—Index greater than 15. 

In connection with the Atterberg tests the test for shrinkage limit 
is used. This is the point where the soil passes from the semisolid 
to the solid state. At this point there is no further decrease in 
volume with further loss of moisture by evaporation. The shrinkage 
limit is expressed as the percentage of moisture present as compared 
with the dry weight of the soil. 


RELATIONSHIP Hee VALUES FOUND TO 


While experimentation with the various tests was being carried 
on, 1t was found that a relationship existed between some of them and 
not between others. It was found that the Rose tests for field 
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moisture equivalent and lineal shrinkage, the Atterberg tests, and 
the test for the centrifuge moisture equivalent, all of which repre- 
sented critical values when water was admixed with soil, could be 
used in combination so as to detect many of the important adverse 
and beneficial elements that affected a subgrade soil. It is probable 
also that these tests may serve to throw some light on such funda- 
mental characteristics of the soil as the compressibility, elastic ex- 
pansion, and permeability. In addition, the Bouyoucos hydrometer 
method was included where it was necessary to make a mechanical 
analysis because it could be performed with greater facility than the 
standard test. The master charts used to detect the character of 
subgrade soils based upon test values are shown on the panel illus- 
trated in Figure 16. 


SOIL CHARACTERISTICS IDENTIFIED BY THE VARIOUS 
TESTS 


To give some idea of the manner of interpreting the results of 
these tests, a brief exposition of the characteristics of the soil as 
revealed by them follows: 

Liquid limit.—This value indicates the minimum moisture content 
of the soil when in the liquid state. The liquid state is defined as 
the condition in which the shear resistance of the soil is so slight 
that a small force will cause it to flow. This test serves to distin- 
guish soils with respect to the degree of lubrication necessary to 
permit them to slide. It may also disclose the relative roughness 
possessed by sand grains and the relative volume of the small-sized 
pores in other soils. Liquid limits of representative soil constituents 
tested in the laboratory have been as high as 40 for silts, 123 for 
mica flakes, 445 for peats, 138 for clays, 163 for diatoms, and 399 for 
colloids. Liquid limits from 20 to 40 are apt to indicate mixed 
materials with sand or silt predominating. Those considerably 
higher than 40 indicate the presence of mica, diatoms, organic matter, 
clay, or colloids. 

Plastic limit.—This value indicates the minimum moisture content 
at which the soil can exist in the plastic state. Sand, mica, diatoms, 
and peat do not possess plasticity and, therefore, have no plastic 
limits. Silts occasionally, and clay and colloids always, possess 
plastic limits. Of certain representative subgrade soil constituents 
selected for study, silt had a plastic limit equal to 20, clay of 46, and 
colloids of 45. 

Plasticity index.—This value indicates the extent to which a plas- 
tic soil may expand without becoming liquid. It measures the 
ability of soils to change shape without changing volume in an ap- 
preciable amount. It also indicates the cohesive properties of soils. 
Considered alone, the plasticity index serves only to distinguish 
cohesionless materials such as sand, mica, diatoms, and peat (plas- 
ticity index equal to zero) from soils possessiong cohesion such as 
clay and colloids. 

Shrinkage limit.—This value is theoretically equal to the maxi- 
mum moisture content of the soil when it has attained the minimum 
volume during the drying process. In general, for friable soils, the 
shrinkage limit may be anywhere between the liquid limit and 50 
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per cent of its value. For plastic soils, the shrinkage limit ranges 
between a water content of 10 and 20 per cent (in exceptional cases 
more), and no definite relation exists between the plastic and the 
shrinkage mit. In general, the lower the shrinkage lmit the 
greater will be the possible volume change in a subgrade soil with 
variations in the moisture content. 

Centrifuge moisture equivalent.—This value represents the per- 
centage of water retained by the soil under a centrifugal force equal 
to one thousand times the force of gravity. Thus this test serves to 
distinguish soils which are permeable (sand, silt, mica, diatoms, 
peat, or flocculated clay, predominating), from those which are im- 
permeable (clay and colloids predominating), when compressed by 
a centrifugal force equal to about 2 kilograms per square centi- 
meter. It also assists in distinguishing permeable soils possessing 
capillarity in an amount sufficient to permit the occurrence of either 
frost heave or expansion, (silt, diatoms, mica, and peat), from those 
possessing capillarity in an amount sufficient to permit the occur- 
rence of bulking only (sands). | 

Field moisture equivalent.—This value indicates the maximum 
amount of water a soil will absorb when its moisture content is grad- 
ually increased by adding water. The field moisture equivalent, the 
lineal shrinkage and the shrinkage limit are definitely related. 
Therefore the field moisture equivalent in combination with the lin- 
eal shrinkage may serve to disclose the shrinkage limit. (Fig. 16.) 
The field moisture equivalent test indicates the porosity possessed by 
sands and the degree to which moist compressed soils are apt to 
absorb water and expand. ‘Thus, it indicates the degree of cohesion 
possessed by moist soils. | 

Field moisture equivalents when either approximately equal to 
or larger than the centrifuge moisture equivalents are apt to indicate 
soils possessing expansive materials (such as mica) in detrimental 
amounts. This fact furnishes a very important means of detecting 
silts with highly expansive properties. 

Volumetric change.—The relation between volumetric change and 
lineal shrinkage is shown by the curves on the panel reproduced in 
Figure 16. The lineal shrinkage represents the percentage of re- 
duction in length when a soil bar is dried after being wetted with 
an amount of water equal to the field moisture equivalent. A lineal 
shrinkage percentage of 5 has been suggested as the maximum value 
for a good soil mortar. When the lower liquid lhmit of colloidal 
soils exceeds 35, the volumetric change is apt to exceed 17, and the 
lineal shrinkage is likely to be greater than 5. In its relation to the 
field moisture equivalent the lineal shrinkage of a soil furnishes a 
means for estimating the shrinkage limit. | | 


METHOD OF CLASSIFYING UNIFORM SUBGRADE SOILS 


Using the master charts on the panel illustrated by Figure 16, uni- 
form subgrade soils have been classified tentatively into 8 groups, 
which are described as follows: : 

Group A-1.—This soil consists of well-graded material from 
coarse to fine. It is highly stable under wheel loads. regardless of 
moisture conditions. Florida sand-clay is representative of this 
group. 3 
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Identification—By mechanical analysis the clay content varies 
from 5 to 10 per cent, the silt from 10 to 20 per cent, the fine sand 
from 23 to 27 per cent, and the coarse sand from 45 to 60 per cent. 
The effective size of the grains is approximately 0.01 millimeter, the 
uniformity coefficient is greater than 15, and the lineal shrinkage of 
the soil mortar is less than 5 per cent. 

Group A-2.—This soil consists of graded material from coarse to 
fine. It is highly stable when fairly dry but apt to soften in wet 
weather. In extremely dry weather these soils become very dusty. 
South Carolina topsoil is representative of this group. 

Identification—By mechanical analysis the sand content should 
be not less than 55 per cent, the clay not less than 10 per cent, and 
the silt less than 10 or greater than 20 per cent. The lineal shrinkage 
of the soil mortar is greater than 5 per cent. The plasticity index 
of the soil mortar should be as shown on the master chart on the 
panel reproduced in Figure 16. 

Group A-3.—This soil consists of coarse material only, with no 
binder. It has good drainage properties and is not heaved by frost. 
Florida sand is representative of this type. 

Ldentification.—The liquid limit may be as low as 10 for beach 
sands offering but little frictional resistance to sliding and as high 
as 35 for crushed sands with a high resistance to sliding. The plast- 
icity index is equal to zero; the centrifuge moisture equivalent is less 
than 12; and there is no significant shrinkage limit. 

Group A-4.—These soils consist of silts without coarse material, 
and no appreciable clay content. They are apt to absorb water in 
quantities sufficient to cause a rapid loss in stability even without 
manipulation. They possess a high degree of capillarity and are 
heaved excessively by frost when wet. Minnesota silt is represent- 
ative of this group. 

Identification—The liquid limit ranges from 20 to 40 and may 
reach 45. The plasticity index is less than the amount indicated by 
curve 3 on the master chart on the panel reproduced in Figure 16. 
The shrinkage limit does not ordinarily exceed 25 and it may reach 
30. The centrifuge moisture equivalent is apt to be greater than 12 
and to bear the relationship to the liquid limit indicated by curve 
10. The expansive variety containing mica has a field moisture 
equivalent higher than the centrifuge moisture equivalent. 

Group A-5.—This soil is similar to that of Group A-4 except that 
it provides highly elastic riding surfaces with appreciable rebound 
upon removal of load, even when dry. A micaceous sandy loam from 
Maryland is representative of this group. 

Identification —The liquid limit is generally greater than 20, and 
often greater than 35. The plasticity index is smaller than the 
amount indicated by curve 3. The shrinkage limit may be as small 
as 25 but it is generally greater than 30 or the amount indicated 
by curve 6. The field moisture equivalent is much larger than the 
amount indicated by curve 11. There is seldom water-logging in 
the centrifuge moisture equivalent test. 

Group A-6.—These subgrades consist of clay soils without coarse 
material. In the wet compressed state they absorb water only if 
manipulated. Deformation occurs slowly and there is little re- 
bound upon removal of the load. The soil possesses shrinkage 
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properties and may be unsatisfactory if used in fills because of ex- 
cessive volume change. There is not apt to be adverse frost heave 
unless the soil is in an extremely permeable state. Missouri colloidal 
clay is typical of this group. 

Identification.—The liquid limit is 35 or greater. The shrink- 
age limit approximates the amount represented by curve 5. There 
is water-logging when the centrifuge moisture equivalent exceeds 40. 
The field moisture equivalent is not apt’to be appreciably larger than 
the amounts represented by curve 11. 

Group A-7.—These soils are similar to those in Group A-6 except 
that when moist they are apt to deform quickly when loaded, and 
rebound in a manner similar to Group A-—5 subgrades upon re- 
moval of load. A gumbo from the Red River Valley in Minnesota 
is representative of this group, as is also an expansive Missouri clay. 

Identification.—The liquid limit is 35 or greater. The plasticity 
index hes between curves 3 and 4 on the master chart shown on the 
panel illustrated by Figure 16. The shrinkage limit may be equal 
to or greater than the amounts indicated by curve 5. The field 
moisture equivalent lies between curves 11 and 12. 

Group A-8.—These soils consist of very soft peats and mucks. 
They are apt to contain capillary moisture in abnormally large 
amounts far above the ground-water level. A Minnesota muck 
that 1s apt to displace laterally under a superimposed fill is rep- 
resentative of this group. 

Identification—The liquid limit is 45 or greater. The plasticity 
index is less than the amount indicated by curve 3. The shrinkage 
limit approaches the values indicated by curve 6. The field mois- 
ture equivalent is greater than the amount represented by curve 11. 


SUGGESTED TYPE OF SURFACING FOR THE VARIOUS 
SOIL GROUPS 


The type of surface which has been generally found suitable for - 
the various soil groups follows: 

Group A-1.—This type of soil usually has sufficient stability to 
require only a wearing course. <A surface treatment consisting of a 
prime coat followed by a surface application of bituminous material, 
covered with a blotting layer of crushed granular material, has been 
successfully used in Florida. 

Group A-2.—After being stabilized by treatment, the same type 
of surface used in Group A-1 soils should be adequate. Where the 
soil is not treated, load distribution should be accomplished by mod- 
erately thick nonrigid surfaces or thin rigid pavements. 

Group A-3.—If the soil is treated, a substantial wearing course 
should be adequate. On untreated soils moderately thick nonrigid 
or thin rigid pavements are desirable. 

Group A-4.—When natural or artificial drainage is adequate a 
concrete pavement may be built of medium thickness (not less than 
8 inches at the sides and 6 inches at the center), or a macadam 
surface may be built, either thick or moderately thick depending 
upon whether the soil is untreated or treated. When the ground- 
water level is high and drainage impracticable, macadam is an un- 
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suitable surface. In this case a thick concrete pavement should be 
used (not less than 9 inches at the sides and 7 inches at the center), 
with crack control and steel reinforcement. 

Group A-5.—Macadam surfacing should be used on soils of this 
group only after the subgrade has been stabilized by both treat- 
ment and drainage. When the ground-water level is high and 
drainage is impracticable, a thick concrete pavement should be used 
(not less than 9 inches at the sides and 7 inches at the center), with 
crack control and steel reinforcement. 

Group A-6.—When the soil is in a homogeneous state and drainage 
is not feasible, ample load distribution should be provided by a thick 
macadam surface or a rigid pavement. The required degree of load 
distribution depends upon the softness of the subgrade. Macadam 
should be used only after the soil has been surface-treated. In rigid 
pavements crack control is necessary to reduce the adverse effect of 
nonuniform subgrade shrinkage. : 

When the soil is in a permeable state and drainage is feasible, either 
macadam or rigid-type surfaces may be used; but when drainage is 
not feasible, very strong macadam should be used, or a rigid pave- 
ment with crack control and steel reinforcement. 

Group A-7.—The proper types of surface are identical with those 
shown for Group A-6 subgrades for the condition where the soil is 
in a homogeneous state and drainage is not feasible. 

Group A-8.—On soils of this group the pavement requires ample 
“beam ” strength, adequate crack control, and steel reinforcement. 


CLASSIFICATION OF NONUNIFORM SUBGRADE SOILS 


Nonuniform subgrades are classified on the panel illustrated in 
Figure 23 into Groups B-1, B-2, and B-38. The classification is 
based upon the structure of the soils as it exists in the field instead of 
upon the character of the constituent soil material as in the uniform 
subgrades. Generally speaking the nonuniform subgrades lack 
stability and require heavy rigid surfaces. The detailed types of 
surface suggested are shown on the panel reproduced in Figure 24. 


METHOD USED IN MAKING A SUBGRADE SURVEY 


In conjunction with the routine tests and soil classification by 
groups which have been already described, a method of making a 
subgrade survey has been developed by the Bureau of Public Roads 
in collaboration with the Bureau of Chemistry and Soils of the 
United States Department of Agriculture. The process consists 
essentially in locating the various types of soils in relation to the 
survey stations, and describing the drainage conditions. The soil 
types are located by borings made along the center line and along 
the top or the toe of the side slopes. The information with 
regard to the various soil types and layers is plotted so as to form 
soil profiles. Representative samples of each of these layers 
are taken and tentatively classified. They are then placed in canvas 
bags properly marked and forwarded to the laboratory for final 
classification into Groups A-1, A-2, etc. 
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Data sheets for the designing engineer are then prepared upon 
which are plotted the soil profile and the drainage conditions, with 
- recommendations as to the design of the surface and the proposed 
drainage system. The basic information is illustrated on the panel 
reproduced in Figure 14. 


SUMMARY OF SUBGRADE SOIL EXHIBIT 


The 24 panels in the exhibit, together with the accompanying 
table models (models not illustrated in Figures 1 to 24, inclusive), 
present a brief résumé of the present methods of classifying subgrade 
soils, making a subgrade survey, and designing road surfaces. 

The panels illustrated by Figures 2 to 12, inclusive, illustrate 
research findings with regard to the physics and mechanics of soils 
included under the heads of voids ratio, moisture content, porosity, 
cohesion and friction, capillary moisture, expansion, shrinkage, per- 
meability, frost action, compression, and elasticity. 

The panels reproduced as Figures 1 and 14 outline the purpose 
of the subgrade survey and the method used. 

Figures 15 and 16 illustrate panels that show the relationship 
between the various soil tests and the master charts used to classify 
uniform subgrade soils into the eight suggested groups. | 

Figures 17 to 22, inclusive, are reproductions of panels that iden- 
tify the soils of the various groups, define the test limits that char- 
acterize them, and describe the type of surfacing that is recom- 
mended. | 

The panels illustrated by Figures 23 and 24 describe the structure 
of the nonuniform subgrades, suggest methods of treatment where 
applicable, and recommend types of surface. : 

Figure 13 is a reproduction of the panel that illustrates how the 
degree of uniformity of subgrade support affects the design of rigid 
pavements, 
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THE VOIDS RATIO DETERMINES THE DENSITY OF THE 
SUBGRADE SOIL AND SOILS IN THEIR DENSEST STATE | 


DEFINITION.-The VOIDS RATIO is the ratio of the volum of 
voids to the volume of the soil particles ee 


| Let e+ Voids Ratio 
opeegn i ~. We Total Volume of voids ina coll mass, 
1 CUBIC-FOO ve 
gl, UR FOOT BOX | Vs = Total. Volume of soil PS ina soilm 
pectin LN geil No.1 Lt 


THE VOIDS RATIO e VARIES : 
L-With variation in degree of compaction, the number of soil particles remaining feonsiant 

_ 2-With increase or decrease in moisture content, the number of soil particles remaining constant. - 

With increase or decrease in total number of soil Pal the total: volume of the soil mass | 


un : — _ _Temaining constant. - 
Ler V= Volume of wet soll | — . 
V,-Volume of dried soil My Volume of moisture content| in cube | 
My: Weight of moisture content centimeters in wet soil Lt. 
. in grams in wet soil My,= Volume of moisture content in cubic! : 
Mw, Weight of moisture content centimeters in dried soil 
in grams in dried soil ©, = Change in volume of soilin pe ent | 
& :Voids Ratio of dried s soil €. = Voids Ratio of wet soil © if 
THEN Cy. Sa le Dae «100: Nie as spare FORMULANo2 : 





Ge RATIOS OF VARIOUS SOIL CONSTITUENTS WHEN AT THE YIELD POINT _ | 
_ {The yield point of the soil equals the minimum moisture content at which the deforma: | 
io tions o as on increase excessively witoul appr civic increase in load | : | 


TYPES OF SOIL 
_ 4) Organic Matter- - Everglades Peat | 
_ Silt-Rock Creek Park. DC. 5 | Diatome - Celite | | 


Colloids - Bentonite _ | 0.92. | Mica Flakes - 20. to 100 mesh 
ee jay — 


« Yield con for plastic soils - L PL. (lower See limit) . 
Yield pon for uae Olle 72 oe! cent OL LLL | lower | Fiqhid imi) 





FIGURE 2.—Voids ratio 
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. DEFINITION. ~ MOISTURE CONTENT is eqtial to the weight ofr the 
__Walet present expressed as a percentage of the dry weight of of the soll 
4 e ES ent in per eat ant of dry we dry weight “of soil in grams 
| ‘wy-Moisture content in per cent of dry volume of soil in cubic centimeters 
W: Weight of wet soil in grams __ 
Oe of dry soil in grams 
V«Volume of wet soil in cubic centimeters 
 \Volume of dry soil in cubic centimeters 
My Weight of moisture content of wet soil in grams 
_ My-Volume of moisture content of wet soil in cubic centimeters 
G+ Specific gravity of son particles 
0 e:- Yoids ratio ~~ My : 
Bens oe Gefnition : iA Hx100. ss FORMULA Nos 


saat popnonne mmm aIE NOHO NOIRE ANION 


es POSTS 


seas paar or asco 


"Substituting Me WW, in Formula No. 2. 


Then wsWelexioo- ——_RORMIILA Not 


SS aie cise ees unn nang ‘Risoiicocmonscoonates 


EERIE ARID reason NS 


_Then Mw *My —- = FORMULA No5 


esas Formula by: G wo. Me 
S _ And since by definition we 
_ _ Then weg x100-472 x100- ee iby definition) 


SSS NASIR RIORS SERINE SSI SNS CRI ne eat: 


Again substitu mo aes and Y: We in Formula3 
: __Wr& x100 oF € oF ee “00 eg ony ete the atiriok 


PRISE CRRRRORRN CALLEN 


st titi sonore oc conan pees onntapnnineRttRRER 


| 
__then ery _ {true only above the shrinkage limit) PORMULA a 


EASE ASOT EE COATES RE RECS LOTS LO ONIN LETEL EL LL DALIES 


Soil sample weighs 30 grams when wet and 25 Sraris when aty, and 
the soil particles have a specific Gravity of 2.65 

Then by Formula 4 9: GBS x 100=20 per cent 

And byFformulaG  w,-20x2.65- 53 per cent 

_ And by Formula 8 (os Os 





Figure 3.—Moisture content 
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AE epends: upon the femenea 
‘shape, and amount of soil particles of different — 
‘sizes in the mixture. A material will have the _ 
porosity whether the grains are large 
ms small sat aef are all of we 


| DEFINITION-POROSITY of a soil equals the 

| total volume of pores, or voids, in per cent of | 

| the total volume of the soil mass (volume re) 
soil particles youre = voids) 





FIgurRE 4.—Porosity 
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THE STABILITY OF SUBGRADE SOILS DEPENDS UPON THE 
COMBINED EFFECT OF COHESION AND INTERNAL FRICTION 
THE VALUE OF THE COHESION AND FRICTION HELPS TO 
DETERMINE THE SELECTION OF A RIGID OR A 
“FLEXIBLE PAVEMENT ~ | 
LOAD B LOAD B+C 


y+ Equaliz zing 
toad iOOtbs 


oe sqft 


v SOFT PLASTIC SA 





LOAD A LOAD A+B 


aa zing 
8 100ibs 









 864POUNDS 978 POUNDS 





168 POUNDS 2018 POUNDS 
ee foot —_—Sspper Square foot 


BEARING CAPACITY 


per squate loot 






per square foot 


BEARING CAPACITY 


peaong capacity increased 1,250 Bearing capacity increased: only 114 
pounds :163% in this clean sand, pounds-13% in this soft clay, without 
without cohesion, and high in appreciable friction and high in cohe- 

friction by the adjacent weight sive properties, by the same adjac- 
| ef 100 Pounds per square foot ent weight of 100 pounds per square foot 


— THUS THE HIGH LOAD- DISTRIBUTION FURNISHED BY RIGID SURFACES 
_ MAKES ‘THEM DESIRABLE ON UNTREATED PLASTIC SOILS. 


FigurRE 5.—Cohesion and friction 
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SHRINKAGE OF SUBGRADE SOILS IS CAUSED SOLELY BY CAPILARY PRESSURE 
I MAYBE ELIMINATED BY MAINTAINING A CONSTANT MOSTURE CONTENT 


LES OF UNIFORM AND NOW: UNIFORM SUBGRADE MOISTURE __ 


Shri e-Uniiorm Moisture <. — ABE te uncer 
Ne hrimsage uae 1 Subpracl RSs Be Non nilor: & ic. elure c 


SHRINKAGE is the tecuction in volume caused by the soil losing moisture. In the liquid state the eapilary prisure 

that causes shrinkage is zero, As evaporation proceeds the capillary pressure increases yntil it equals the resistance of the . 

soil particles to further reduction in volume. The moisture content at this state of equilibrium is called the ‘Shrinkage limit’ 

| Further evaporation causes the surfaces of the capilany wiler columns toretreat into the soll mass with no fu he 

reductions inthe soilvolume. > 
The voids ratio of representative sl constituents istrates the possible shrinkage of cach 

‘TABLE 1- VOIDS pare OF REPRESENTATIVE SOIL CONSTITUENTS IN THE e UOUIO AND 


giar 
ae in grams. G oe oe 
of soil in per cent of dry weight 


Volume chose an pe : ont : 
Then V-\, the total moisture ieee at ee oe age innit, is sopmerical e ual to w 
Weight of water evaporated between V. ee wW,-S . i : 
Since specific EN of water equa 

__Mgrams or w\ We AVN _fnd Sw 


¥ be computed for any vatiation 
hrinkage limit ¢ 





FIGuRE 6.—Shrinkage 


‘THE PERMEABILITY OF A SUB 
THE RATE AT WHICHIT PERM} ITS THE 


: : The ronoitionale amount of surfacewater run-off 
2-The proportionate amount of water that per. - 
colates through the Soil to the drams 
_DEFIN ITION=COEFFIC IENT OF PERMEABILITY equals 


_ the velocity in centimeters = second under a 
ois eden of 1. 


Velocity of flow of water Acie soil in Sentime ters per second 
A-Area of cross section of How in ples Centimeters : 


FORMULA No. 20 


| FORMULA 21 


se Deptti of the dain. A, feets122c centimeters 
s Yee from drain to center a earth esas ft-550 centimeters 


2 8.2.61 cubic centimeters per second 
oe : ches fe second 029 cubic feet i? second 





Figure 7.—Permeability 
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Me drains are ineffective where the 
ground: “water level is not action te patenento na 
fects when the ground-watet le 
} Ee q 4icet below the base of the pavemie 


"Soil Toe " Thickness veces HIOKNESS OF VV 
of Dry Soil ~ : "Capillary Not ‘Removable Gravitational 
< _by Drainage movable b Lee 3 


Sand : 1 
Sit-loam 13 
Clay : 21 
Muck = 29 





ler 2 - Diameter of capillary he in 1 centimeters 
T + Surface tension in dynes (per centimeter) : 
- Angle of contact between the liquid and walls: of t e tub 
: Capillary rise in ae 
Density of the lignid - . 
: Gravity in ee: pe centimeter cubed) 


= Then the upward rd pull of the liquid i inthe tube because of apna: Tos eu ee (A). 
as = downward pull equals the weight of the cylinder of the liquid: - mass x gravi 
aes 3 —_—____ ee 
These two forces are in equilibrium when the top of the capillary ooluna ha 
ae its maximum height. At that point . 150) ayPon SY 

«+ Nearly 0° 
cose:= About 1 
Sy About 1 

- 98&O 


= 


: uatin Formulas iA and (B) Toos«2rn= nhs and solvin forh i ee 
Equating pe Ses FORMULA No. 


The plan tise varies INVERSELY as the radius of the tube 


CONTROL OF CAPILLARY MOISTURE: 
ESince capillary water cannot rise without displacing air from the voids of the soll above, it follows that a 
nouberace seal of bituminous material should be effective for retarding the capillary rise of moistur 


2:Sprinkling the subgrade with water immediately prior to the application: of the oil, opens the soil pores 
rmits the oil to enter the soil pores and follow the water toa See ae than ifno 


| and e 
| water had been applied. 





FIGURE 8.—Capillary moisture 
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EXPANSION OF SUBGRADE SOIL 5 CAUSED. BY VARIATIONS 
N MOISTURE Ct CONTENT SHOULD BE CONTROLLED IF POSSIBLE 


EXPANSION is the increase in volume caused by the pene- 

tration of water acting under capillary pressure. With further 

| | additions of water, the capillary pressure reaches equilibrium 
: es with the cohesive properties othe sol ahs bre the ort 
_ _EXPANDED-  — SHRUNK= sion stops, the soil particles are apt to their e position, 
- ie Witwer “wateraadar and the soll may be transformed into the liquid state and flow 


TABLE.! ‘VOIDS RATIO OF REPRESENTATIVE SUBGRADE SOILS AT THE LIQUID STATE 
| Constituents | Sand | Silt | Organic Matter Clay | Diatoms = Mica Colloids 
| Voids Ratio O54 On _ 2.00 (205 30 B44 
The EXPANSIVE soils are clay, colloids, and mica which possess ‘cohesion and capillarity i in appre 
ciable amounts. The INERTor non-expansive materials are represented by sand which with the 
addition of oy small amounts of water and manipulation may "BULK instead of expanding 
DRY SAND. “BULKED’SAND "BULKING. with moderate additions of water, is caused by the surface 
. AL films of water,around the grains, pushing the grains apartand expanding 
the sand. Further additions of water so as to fill the voids, reduce the 
| surface tension to zero and cause a rearrangement of the soil grains 
YOIDe FILLED WITH WATER so that the final wet volume may be less than the original dry volume. 


“DRY soils expand more than WET soils with further additions of water 
TABLE 2-EXPANSION OF SOIL CONSTITUENTS CAUSED BY WATE R AB: 
SORPTION IN PER CENT OF THE VOLUME OF THE COMPRESSED SAMPLES 


Constituents _Sand_ Silt — Organic Matter _Clay Diatoms Mica Colloids 


|pansion—Dry “18 ST Zo 7 BS | “45 2ese on 
Diflerence (402 410 +72 +O8 es 35 
‘The great expansive influence everted by the surface films of water is made possible by thevastarea of inerstitial que 2 afte gained one 
cere 3-AGGREGATE SURFACE AREA=INTERSTITIAL-SPACE AREA COMI PUTED FOR 
_ 1 CUBIC FOOT OF SOIL OF VARIOUS GRAIN SIZES 


| Yina of Soil | | Average Diameter Total Surface-Area (Soll Particles Ratio of Diameters Ratio of Total. -| 
[e oe af So’ Sid ea - seas hist Eo Surface . . San d= t ‘ fae tel sat : 


 1000,000 
THE ABILITY ¢ OF SOILS TO EXPAND DEPENDS UPON: 


The. cue. shape, and character of the soll grains. 
Whether the original state of the soil is wet or dry, and the total variation in moisture content. 


Whether | the soil contains cohesive clay in sufficient amounts to prevent disintegration. 
Whether some other cohesive element is present such as bituminous material that will resist water absorption and corresponding expansion, 
Whether in soils possessing capillarity the soil ie compacted Bevery Me ina 7 condition so as to reduce the total 
ossible amount of expansion, oo 





FigurRE 9.—Expansion 


18 


THE DESTRUCTIVE ACTION OF FROST IS CAUSED PRINCIPALLY 
BY THE SEGREGATION AND GROWTH OF ICE CRYSTALS 


FROZEN SURFACE | FROZEN SURFACE FROZEN SURFACE: 


May. be: as 
iehas 72% 


Pure water or sand with the voids filled with water ‘But the same amount of clay with voids filled with 
increases when frozen.only an amount eaual to the water may swell 75 per cent because of the formation 
greater volume of the solid ice, : and segregation of ice crystals. 
_ THE FORMATION OF ICE CRYSTALS PRODUCTIVE 
OF HEAVING OF ROAD SURFACES IS CAUSED Sy: 
| } The ability of water, in soil pores larger than era 
cimensions at O'Centigrade or slightly less (Ttof Centigrade), ), to freeze 


2.-The ability of water in soil pores of capillary size to resist freezing at abnormally low temperatures jas anuchastO ent hgare 
3.-The ability of freezable water in larger than capil lary pores during the freezing, to draw upon the non freezable water in: caplary 
Doles as a reservoir $0 asto | increase the size of the i ipe crystals, as longas unfrozen water remains in the fine soil pores. 
THE AMOU NT OF HEAVI NG IN soits POSSESSING CAPILLARY PROPERTI ES DEPENDSIN ADDITION 0 TEMPERATURE upon 
L-The moisture content af the soil when freezing occurs. 
2-The relative number of freezable and non- freezable water particles existing in the soil. 


3.The speed with which nonfreezable water drawn from adjacent capillary Po is re placed by : : 
capillary rise fromawater table Or seepage. 


MEASURES THAT HAVE BEEN SUGGESTED TO PREVENT HEAVINGARE: 
1; Construct clay and silt subgrades as high above ground-water level as practicable. . 
2:In silt and perm eable clay subgrades use lateral subcrains to drain sags in grade/and to 


furnish outlets for water liberated during thaws under the center of the road, into : 
the unfrozen under soil. This method eliminates “frost boils: 


3:Substitute, to the depth of frost Jo material in n which no excessive ice se s | 
regation develops oe 
4 Treat the subgrade with some appropriate material s So as to reduce the freez zing ae 


‘5;Prior to the construction of rigid pavements, construct insulating layers designed 
to reduce the: eene of frost Penetration, 





Figure 10.—Frost action 
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oe ge 
. Pract tical unporiaie 


compacted when a but execs whee. wate 
erous capillary pores overcomes the conceive force. 


doac 
‘ the rebound being aie when ve ian when ary. (Therefore “la 
: wet condilion can not be consolidated by aroad roller. Th 
hydraulic fills, and jetting is of doubtful value) | 


(Supporting power varies with different soils, but all possessing: m™m 
vill support maximum allowable loads indefinitely ithout 





Figure 11.—Compression 
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AS THE ELASTICITY OF SOILS INCREASES, THEIR 
STABILITY FOR SUBGRADE PURPOSES DIMINISHES 




















EFFECT OF APPLYING AND REMOVING LOAD ON COMPRESSIBLE AND ELASTIC SUBGRADES 


' ELASTICITY is the ability of soils to rebound when the load is removed. It is Caused | 
by those soil constituents possessing abnormially high porosity when dry. — : 
These expand appreciably upon the removal of the load, without change in moisture - 

content. Mica flakes, diatoms,and organic matter represent constituents of this Character. | 

ADVERSE EFFECTS FROM ELASTIC SUBGRADES MAY DEVELOP ASFOLLOWS: = 
i-An elastic subgrade, possessing cohesion, is apt to retain a cerlain degree of compaction afte 
thorough rolling. A slight wetting by freshlylaid concrete, especially when the soil possesses 
expansive wale also, may cause a non-uniform rebound of the subgrade. Ihiscom | 
bined with absorption of water from the pavement may cause excessive cracking during the setting period 

-2-Movements of heavy material-trucks and mixing apparatus on the subgrade may pro- — 
duce distortions in the adjacent subgrade under the freshly-laid concrete so as to produce 
microscopic cracks in the pavement that are not visible for sometime. | 
3,-Elasticity of the soil may prevent macadam surfaces from being bonded adequately during com — 
struction, or from retaining their bond subsequently. Under these conditions alligatorhide cracks‘ate | 
apt to develop. These cracks permit water to penetrate through the pavement, soften the subgrade, and cause failure. 

CORRECTIVE TREATMENTS SUGGESTED FOR ELASTIC SUBGRADES: -—- 
1-Stabilize the soil by the stage-construction method. prior to the construction ofahigh-type surface. 
2-Admix cohesive material (clay) where the absence of cohesion inthesubgrade 
(highly-micaceous sands,etc.) interferes with the construction of the pavement. 
3-Make the subgrade as uniformly dense and moist as possible by breaking down all 
clods with a light-weight roller (about tons), harrowing, and possibly sprinkling. _ 
4-Prevent. if possible, excessive moisture changes in the soil during the setting 
period of the concrete surface by the application of tar paper, bituminous coatings 
or similar materials. : §=§=—=—<©—_.—6=—hmhmhmhmeM — 







< 
ah 

















Figure 12.—Elasticity 
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ae suppor show bul uate he / Cie subgrade support is nonunilonn 
REMEDIES for nonuniform support _ 
1 Control cracks with longitudinal and transverse ee 
= Use steel Tein forcement 


~ FOR EQUALLY NON‘UNIFORM SUBGRADES 
: 4 WITH THE LOAD SUFFICIENT TO CAUSE 
ve bo intoleisc Giesorlss J contact OF THE SLAB WITH THE SUBGRADEY 


decrease with an increase in 
se increases in slab thickness produce greater stresses, 
x slablengths greater than eon 





Figure 13.—Rigid pavement design 


* 


le, deter- 


mined 4) field borings, 


furnishes the basic data 
for the design of the 
pavement. 


Soil profile maps must — 


be plotted to indicate 


the character and arrange- 


ment of the soil layers 


HARD Pate 
DENBE, 
IMPERY MOUS 


tt is necessaty to show by portant to dete 

the soil profiles the charac- "the attangeme 
ter and structure of the soilat. various layers ar 
‘different levels. . : drainage concditi 


STATION 10. ‘ STATION sa 


Location and Identification | 
Number of Samples 


Samples representing the differ 

ent Soil types in the various layers. ‘ 
are collected and tentatively identified for exhaustive tessan 
as “aee ne 123.4, 5, 6, ete. 





F1IgurE 14.—Field studies 
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MISCELLANEOUS TESTS: 
_. Field Moisture : Couitnes. Moisture 
oe CC _Equivaient — 
{EME) . _ (CME). 
. kine Value 
Snrinkage Limit (Ss) 
| S| CC 7 2 . _ S wotumetsi chang 


| E PRESENTATIVE, TEST VALUES FOR THE SEVEN PRINCIPAL SOIL 
CONSTITUENTS SAD SILL G CLAY Mice DuTOws COLLOIDS a cant aallel 





FIGURE 15.,—Laboratory tests 
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- »- Wiqgure 16.—Soil identification 





SUGGESTED DESIGN OF GROUP A-1 SUBGRADES _ 


CHARACTER OF SOIL>-Well-graded soil 
mixture from coarse to fine material. It is 
highly stable under wheel loads irrespectiv 
of moisture conditions. 


PREPARATION OF THE SUBGRADE.—This | | 
soil should be thoroughly puddled and then com. | 
pacted with a multiple-ring or sheeps-foot Ss 
toller. Drainage should be provided to maintain the. grou 
level below the elevation where frost heave may occur, 


TYPE OF SURFACE PERMISSIBLE.— This type of soil usually has sufficient stability s0.as to 
require only a wearing course. A surface treatment consisting ofa prime coat fol- 
lowed by a surface application of bituminous material, covered with a blotting 
layer of crushed granular material has been successfully used in Florida. 


IDENTIFICATION of the soil is indicated by values ee in ithe following Ciulaton: 
MECHANICAL ANALYSIS | oe | 


Coefficient | of Soil Mortar : 
le than > 









































2-Uniformity coefficient is the ratio of the size of grain than which there are 6Oper cent of the sample 
finer. to the size than which there are 10 per cent finer. 










Moisture Moisture 
Equivalent Equivalent 














Al eb ade sol from South Carolina 
oe al oo uPA ember er this group -is ideal asa binder ou GROUP A! SOIL 






FIGURE 17.—Group A-1 
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CHARACTER OF SOIL<A graded material from 
coarse to fine. The gracing is either poor or the 


binder is inferior. It ishighly stable when fairly - 
dry but apt to soften In wet weather, 


PREPARATION OF SUBGRADE-Thorough 
puddling and compaction required sim- 
ilar to Group Al subgrades. Drainage need: & 
ed.where ground water ishighto prevent frost heave and softening of the binder from 


| TREATMENT OF SUBGRADE! If the soil is deficient in coarse materialand has some 
ticity, but low shrinkage properties isilty clays|.an admixture of coarse granular material such 
| sand. gravel.slag.or crushed stone.will be beneficial. If the soil contains an abundance of coar: 
material and lacks clay and silt. or if the grading is proper but the plasticity and shrinkage ar 
low. cohesive materials must be added. If the soil mortar has high shrinkage properties.add mat 
erfals such as hydrated lime.and diatoms that increase the porosity of the soil: or bituminous — 
materials or Portland cement that reduce the moisture capacity ofthe soil, 
TYPE OF SURFACE PERMISSIBLE-After being stabilized by treatment, the same t 
surface used on Group A-l soils should be adequate, where the soil is not treate 
Load distribution should be accomplished by moderately thick nonrigid surfaces or thinrigid pavemer 
IDENTIFICATION OFTHE SOIL INDICATED BY THE VALUES SHOWN IN THE FOLLOWING TABUL THO! 
_ , va oe i ane ie : = : = : in 
ns ere 





: _ oO A soil performin ; 
__ (1-4 satisfactory material for a topsoil surface. in So 


FIGURE 18.—Group A-2 








20 


(CHARACTER OF Soll: “GROUPAS Ti sllenssofcrse 


danger from frost heave is remote. 


GROUP A-4-These sols consist of silts without coarse matertal,and 
To appreciable clay content. Ihey ate apt toabsorb water in quanti 
Sufficient to cause rapid loss in stability even without manipu 
lation. They possess ahigh degree ofcapillarity and are heaved excessively by frost when W 
PREP. ATION OF SUBGRADE-GROUP A:3- This soil should be drenched with water and'compacted with alightweight roller. 
GROUP A4.-This subgrade should be sprinkled moderately and thoroughly consolidated witha heavy roller 
D should be provided that will intercept seepage and reduce the adverse effect of frost heave. 
ENT OF SU BGRADE-GROUP A3--An admixture of binder, or admixtures of bituminous materials will be beneficial 
-4-Beneficial treatment may be accomplished by stage construction, bituminous application and cushion courses 
Macacams, and admixtures of cohesive materials to an appreciable depth in the subgracie. In extreme 
es the natural soil should be replaced with nomheaving granular material tothe lower limit of frost penetration’. 
OF SURFACE PERMISSIBLE GROUP A3If the soilis treated,a substantial wearing-coarse should be ade- 
On untreated soils moderately thick non-rigid OF thin rigid pavements are desirable. 
-4- When natural or artificial drainage is adequate a concrete pavement may be built of me- 
ckness (not less than8'68)or a macadam surface may be built either thick or moderately thick. 


depending upon whether the soil is untreated or treated. When the ground-water level is high and drain- 
age is impracticable, macadam is an unsuitable surface; in this case a thick concrete 
ent should be used not less than 9-79",with crack control and steel ce ouea na 


us base passing 40and retained on J00mesh set 
consequently yee ewer liquid limit. 
rade for relatively-thin flexible eurlaces flows reac dily when welled. 
hly s hy stable with biluminous Okan covered wilh ue es layer 


ved Sfeet durin the winter of o2- 1929 
mount of mica. Peverents laid on sails of this dhaveter in the bore of Columbia ive : 
me: st g é ne se pen ae. : 





igure 19.—Groups A-3 and A-4 


SUGGESTED DESIGN ON GROUP A-5 SUBGRADES 


CHARACTER OF SOIL> Thisscil is similar to that 
of Group A-4 except nee le highly- 
elastic riding surfaces with appreciable re- 
bound upon removal of load even when dry 
PREPARATION OF SUBGRADE-These soils 
tequire thorough manipulation in order 
to obtain a uniform density. Compaction 
with a heavy toller is apt to cause nonmniform rebound of thesoil during, pavement construction 
age must be provided to intercept seepage and reduce the adverse effects of frost he 


TREATMENT OF SUBGRADE.— Beneficial results may be accomplished by stage const 
bituminous applications and cushion courses are advisable under porous base course: 
may be added with good results when the Ee of the non- la i 
with pave construction. 


pene athick ee pavems 
control ane Steel Pelcr eens 








Figure 20—Group A-5 





~ SUGGESTED DESIGN ON GROUP AG SUBGRADES 


CHARACTER OF SOIL~ These subgrades consist 
of clay soils without coarse material. In the wet 
compressed state they absorb water only if 
manipulated. Deformation occurs slowly 
and there islittle rebound upon removal of 
the load. The soil possesses shrinkage prop- 

erties. It may be unsatisfactory if used in 
™ fills because of excessive volume change. 
ere is not apt to be adverse frost heave unless the soil isinan extremely permeable state. 


PRE RATION OF SUBGRADE.~These soils require thorough consolidation in connection with a moc 













pl seepage when the coil isin a permeable state iperhaps intersected by cracks and root 
a Le mechanical ee isvery beneficial. ae fills should be built in the oo eee 








: ie covered with a blotter bes - granular cera apicicn of y idrated ie ard similar aes | 
ob the bituminous application is apt to increase the depth of penetration of the bitumen. _ | 
TYPE OF SURFACE PERMISSIBLE: When the soil is in a homogeneous state and drainage not feasible, 

ample load distribution should be provided by a thick macadam ora itigid pavement, the required degree of load 
isttibution depends upon the softness of the subgrade. Macaclam should be used only after the soil Ins been 
e treated. In rigid pavements crack control is necessary to reduce the aciverse effect of nonuniform 
sracie shrinkage, When the soilis in the permeable state ancl crainage is feasible. either macadam 
wid-type surfaces may be used: but when drainage is not feasible there should be used _ 
aa es ora TIgic pas with crack control and steel reinforcement. _ 





























Figure 21.—Group A-6 





30 


- SUGGESTED DESIGN ON GROUP A7 AND A8 SUBGRADES: 


-CHARACTEROF SOIL:GROUPAT-StmilartoGroupA6 =f 

_ except that when moist they are apt to deform — 
quickly when loaded. and rebound similar 
to Group AS subgrades, upon removal of load. 
GROUP A8-These soils consist ofvery soft peats | 
or mucks. They areaptfocontain capillary mois gga 
ture in abnormally large amounts farabove _ ge, 
the ground-water level. 


| PREPARATION OF SUBGRADE-GROUPA 7 “Mechanical manipulation i is requied toptevent unequal expansion. of 
thesoil.Compaction by a heavy roller may prove to be detrimental, Drainage should be provided to eliminate gavitational 
GROUP A'S -A fill of coarser-grained soil should be built across these muck soils which should be consolidated ar 
| displaced where necessary by explosives. The capillary moisture-content may be. appreciably te 

_ only when itis practicable to install drains at aconsiderable depth (]Ofeet ormore) 

| TREATMENT OF SUBGRADE:GROUP A7- Beneficial results may be accomplished by the stage- CO 

| method. Expansion beneath freshly-laid concrete pavement may t be reduced v OS eet 

| GROUP A-8,-No beneficial treatment yet devised. _ 

TYPE OF SURFACE PERMISSIBLE-GROUP A -The proper types of surface are identical only ith th 

_ shown for Group A6 subgrades for the condition where the soil is ina homogeneous state and drainage isnot fex 
“GROUP A-8,- The pavernent requires ample “beam strength; ‘adequate crack control.and steel reinforce) 


IDENTIFICATION of the Soil is indicated by the val ues shown i in the following tabulation: . 
| > dower Liquid Limit. _ Plastic ity Index _ eee Limit ield d Motsture Equivale 





O-An expan ich a concrete pavemen doe ‘during he setting pe 
. OA eumbo fromthe Rec River Val ei in i Mimnesola This soil does not suffer detrimen al frost heave. | 


oil treated and covered withagranular blotterlayer 
_ A-Ahighly-colloidal soil from Mississippi. This soil affected adversely concrete. pavement latd u 
_ be used in fills and should be covered in ee good oe te eet in thick 





FIGURE 22.—Groups A-—7 and A-8 
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TENTATIVE GROUPING OF NON-UNIFORM SUBGRADES — 
_ ACCORDINGTO CONSPICUOUS CHARACTERISTICS 


__ SOILS OF THESE GROUPS CAUSE CONCRETE PAVEMENTS. 
___TO CRACK OR FAULT EXCESSIVELY, AND FLEXIBLE TYPES 
____TO FAIL OR DEVELOP ROUGH RIDING-SURFACES 


: / Group B- 1 NATURAL | 


SOILS 
: Clay ees 











: p nge (1) 
J in Wetness or Dryness _ (2) 
a a or Stiff onsen 











— Eee — 
. Surface of Ground — | 






 - ‘FILLED MATERI 1 


iform ‘subg de "caused yo 
iio 


Figure 23.—Nonuniform subgrades 
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SUGGESTED DESIGN FOR GROUP B1. B-2.AND B3 SUBGRADES. 


DEFINITE CONCLUSIONS as tothese subgracies will not be available 
until the report.in preparation jointly by the Bureau of Public Roads and - 
the Bureau of Soils of the United States Department of Agriculture is 
couble ted. Tentative recommendations, however, may be acivanced as follows: — 


PREPARATION OF SUBGRADE. — 

B-]-If non-uniform layer is shallow mechanical manipulation 1s re- 
quired to increase the uniformity of the soil. Drainage should be 
provided at soft spots and to intercept seepage. 
B2-Nonuniform fills should be avoided wherever possible. 
B-3-Fills should be compacted as much as possible before 
placing the pavement. Any springs or water veins, which 
might enter the fill through the base should be carefully 
piped away. 


TREATMENT OF SUBGRADE— 


BIA subbase may be beneficial. 


B-2-More uniform ae by mechanical manipulation 
recommended. 


B3-No recommendations as yet. 


TYPE OF SURFACE PERMISSIBLE — : 

B-LIf non-uniform layer is very deep and very non-uniform; 

arigid pavement with crack controland paint a! is rec- 

ommended. 

B-2Rigid pavement with great “beam strength’ crack control, and 

steel reinforcement is recommended. 

BS Rigid pavement with great beam strength? crack control,and 

 gteel reinforcement is recommended,especially at boun- | 

_ dary between excavation and natural ground surface. 








Figure 24,—Nonuniform subgrade design 
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